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[57] ABSTRACT 

A test register coupled to an absolute delay regulator 
circuit of a clock repeater chip enables complete func- 
tional testing of a clock delay path of the regulator. The 
test register is connected to a measurement latch of the 
clock path in a "logical OR" configuration with respect 
to a measurement delay line and is enabled during a test 
mode by control logic of the repeater chip. Operation- 
ally, a sequence of logic "0" bits are forced in the mea- 
surement delay line during test mode. A state machine 
clears the measurement latch, and then loads a test pat- 
tern into the test register. As each bit of the register is 
set, a corresponding bit in the measurement latch is also 
set to simulate a measurement cycle; the results of the 
"measurement" are stored in the measurement latch. 
Once the test pattern is loaded, the repeater chip is 
placed into a measurement test mode. Execution of a 
measurement test cycle then propagates the test pattern 
throughout the clock delay path of the regulator. An 
output clock signal is sampled and if determined pres- 
ent, indicates that the clock path column under test is 
functional. Each column of the clock path is then tested 
separately in sequence. 

11 Claims, 7 Drawing Sheets 
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delay provided by the delay line is then shifted into the 
METHOD AND APPARATUS FOR COMPLETE test register using a TEST_CLK signal. As each bit of 
FUNCTIONAL TESTING OF A COMPLEX SIGNAL the register is set, a corresponding bit in the measure- 
PATH OF A SEMICONDUCTOR CHIP me nt latch is also set to simulate the result of a measure- 

5 ment cycle. 

BACKGROUND OF THE INVENTION Once the test pattern is loaded, the repeater chip is 

This invention relates generally to testing methods placed into a measurement test mode. Since the mea- 
and apparatus and, more specifically, to complete func- surement delay line is fully loaded with logic "0" bits, 
tional testing of a relatively wide and complex data path the contents of the test register override the output of 
of an absolute delay regulator located on a clock re- 10 the measurement delay line. Execution of a measure- 
peaterchip. ment test cycle then propagates the test pattern 

An absolute delay regulator of this type is disclosed in throughout the clock delay path of the regulator. An 
a U.S. Pat application Ser. No. 07/764,514 copending output clock signal is sampled and if determined pres- 
titled, METHOD AND APPARATUS FOR CLOCK cnt, indicates that the clock path is functional for the 
SKEW REDUCTION THROUGH ABSOLUTE 15 "bit-slice" of the clock path exercised by the test pat- 
DELAY REGULATION, by Watson etal., filed here- tem. 

with, which application is expressly incorporated by Another test pattern corresponding to an incremental 
reference as though fully set forth herein. amount of delay is loaded into the test register and the 

A measurement circuit of the absolute delay regula- measurement test cycle is executed. This procedure is 
tor determines the intrinsic propagation delay of a clock 20 rcpeated mm a ^ pattcni corresponding to the maxi- 
signal processing circuit on a repeater chip by using a mum de] provided by ^ de iay line is loaded, the 
measurement pulse propagating through a replica measurement ^ le exe cuted, and the output signal 
loop" and a delay line; the length of de lay ane traversed indicate a fully functional chip; i.e., Lh 

bytbepulsemapr^^^ J. of * t clock path has been individuaUy tested. 

a measurement latch. The contents of the latch are ^5 j 

decoded and transferred to a control register that con- . Therefore. ^J^dance with Uie purpose of the 
trols a delay-adjusting unit; the unit also includes a invention as embodied and broadJy described herein, an 
tapped delay line cascaded with the processing cir- apparatus is provided for testing logic de vices of a com- 
cuitry. The delay imposed on an input clock signal by P ! « "F^l path of a semiconductor chip. The complex 
the latter delay line is adjusted by selecting one of its 30 signal path of the chip includes a measurement delay 
taps in response to the decoded contents of the latch. line circuit and a measurement latch circuit The appa- 

The measurements made by the measurement circuit ratus comprises: means for placing the chip in a test 
and the resulting tap selection on the tapped delay line mode to deactivate the measurement delay line and 
depend on process, voltage, temperature and load force a sequence of unasserted bits into the delay line, 
(PVTL) variations to which the chip is subjected. It is 35 the test mode further comprising a plurality of sub-test 
difficult to simulate PVTL variations in sufficient incre- modes for enabling complete functional testing of the 
ments to functionally test each component and connec- complex signal path including: Q) means for inserting a 
tion between components of the data path for the full selected pattern of asserted bits into a test register of the 
range of these variations. Unless all the data path cir- complex signal path when the chip is placed in a shift 
cuitry can be functionally tested, the chip may fail dur- 40 sub-mode of the test mode, the selected pattern of as- 
ing operation. serted bits comprising a test pattern, and (ii) means for 

Therefore, it is among the objects of the invention to loading the test pattern into the measurement latch of 
provide a method and apparatus for complete func- ^ comply signal path when the chip is place in a 
tional testing of a complex data path of an absolute measurement test sub-mode of the test mode; means for 
delay regulator located on a clock repeater chip. 45 ]acin the chi m a measurement test mode to enable a 

Another object of the present invention is to provide measurement test operation on the test pattern; means 
a method and apparatus for complete functional testing fof generating signals to activate the logic de- 

of the data path during manufacture of the chip. vices of the signal path during the test and measurement 

SUMMARY OF THE INVENTION ^ modes; and means for sampling an output signal of the 

_ . - . « « . chip to determine whether the output signal is present 

Briefly, a testing apparatus constructed in accordance v ^ f ^ * ^ ^ 

with the invention includes a test register coupled to an ™ " ZZ^^ J .Hi^i ™*»T~L^ 

absolute delay regulator circuit to enable complete ^f 0 ^ 011 °f * e C ° mp l ex agnal P 8 * txerascd by 

functional testing of a clock delay path of the regulator. the test Pattern is fimctional. 

The test register is a shift regbt« whose stages are 55 f ^ f this arrangement is that the Usting 

connected to a measurement latch of the clock delay feature provides for manufacture testing of the PVTL 

path in a "logical OR" configuration with respect to a **** Pf* withput subjecting the chip to severe 

measurement delay line. The test register is enabled environmental conditions. Another advantage is that 

during a test mode by control logic of the repeater chip. the invention allows for complete functional testing of 
Specifically, a mode control logic unit and a clock path 60 the clock delay path at a 4 Wer-probe" stage and prior 

control logic unit generate tiining signals for activating to installing the chip (and module) in a computer sys- 

the clock delay path logic of the delay regulator during tern. 

tCS l^f: „ ... I(A „ W%I , , BRIEF DESCRIPTION OF THE DRAWINGS 
Operationally, a sequence of logic **0" bits are forced 

in the measurement delay line during test mode. A state 65 The above and further advantages of the invention 

machine of the clock path control logic clears the mea- may be better understood, by referring to the following 

surement latch using a CLRMEAS signal. A logic 4 Ts- description in conjunction with the accompanying 

only" test bit pattern corresponding to the minimum drawings, in which: 
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FIG. 1 is a block diagram of a computer system in- Selection of simple or PVTL mode is determined by 

eluding modules having a clock repeater chip for re- a mode control logic unit 30. A truth table of FIG. 3 

caving a globally distributed system clock signal; depicts the relationship between input and output sig- 

FIG. 2 is a block diagram of the clock repeater chip nals of the unit 30. It will be understood to those skilled 

including a delay regulator circuit; 5 in the art that the table can be used to implement logic 

FIG. 3 is a block diagram of a mode control logic circuitry for the mode control unit 30. Simple mode 

circuit of the repeater chip including a truth table de- allows the clock repeater chip 20 to operate at relatively 

picting the relationship between input and output sig- low frequencies; this is advantageous when low speed, 

nals of the mode control unit; ~ computer testing is performed. A LOOPIN signal on 

FIG. 4 is a diagram of a simple mode clock path of >0 ^ 33 and a MODE signal on line 34 are used to select 

the repeater chip of FIG. 2; the simple mode path of the output buffer stage 45 via a 

FIG. 5 is a block diagram of a clock path control SIMPLEMODE signal on line 37; PVTL mode is se- 

logic unit of the delay regulator; Icctcd PVTMODE signal on line 39. Further- 

FIG. 6 is a block diagram of a clock delay path of the m * c LOOP?* pin 33, which is shared between the 

delay regulator- and 15 mode control unit 30 and an input to the clock delay 

FIG. 7 is a block diagram of a test register and a P* th ? ° v f < * e ™£! L 

measurement latch of the clock delay path of the delay mode the PH90 clock signal channel 35 is not used; 

regulator in accordance with the invention. ^°^^ ffercnt ^ «pm Pins, ic,PH90_H on line 

e 35a and PH90 L on line 356, are used to select four 

DETAILED DESCRIPTION OF ILLUSTRATIVE 20 sub-testing modes of operation. The PHO system clock 

EMBODIMENTS signal on line 25 is used to activate the logic circuitry 

pwwwv. t-L rr<~ i 0 . UM „k mnn „ B cvrf ^ used for each sub-mode. A more detailed description of 

Referring to FIG. 1, a synchronous computer system operation and the signals generated by the 

10 typically includes a central processing unit module , 6 ^ T . ' ? . 6 v. 7 !T 

12,mlmLorym^u^ 25 mode control unit is provided below m connection with 

unit module 16 mterconnected by a b^h-speed, bidirec- . ^ OVA on line 31 and OVB on 

tional synchronous bus 18. A clock module 15 generates ^ 3 m ^th „ auto-ranging 

a system clock signal to synchronize the operations of fcflture rf ^ mvcnti ^ fcature cxtcnds ^ fre . 
the computer system. The system clock signal is global- of ^ dock ef chi A statc ma _ 

ly-distnbuted via separate, generally radial, umdirec- 3Q cWne c]ear ^ SMCLR on line 38 is used to clear 
tional clock lines 25 of the synchronous bus 18 to each logic circuit of a dock path ^ 80 

module of the computer 10 (FIG. 5), while a signal LOOPOUTEN on line 27a 

A clock repeater chip 20 located on each module cnab)es , Q ^ C circuitry of a rcplica loop circuit 

receives the distributed system clock signal as an input jq 

signal. The repeater chip 20 is preferably a VLSI 35 jpiG. 4 is a diagram of the simple mode path 26. The 
CMOS custom integrated circuit chip functionally con- buffer stage comprises differential and post- 

figured to shape and amplify the input signal prior to amplifier circuitry. Specifically, a differential amplifier 
generating multiple copies of it. The resulting output 42 rcC eives a low-level input signal, i.e., either square or 
clock signals are thereafter distributed to circuitry, e.g., limited-edge rate wave, and produces a "shaped", am- 
bus interface circuitry 24, on each module. Preferably, 40 p iif lc d square wave pulse having approximately the 
the chip 20 converts controlled-edge, system clock desired amplitude. The post-amplifier 44 "cleans-up" 
signals with low-level voltages to a 0-5v, 50% duty (he differential amplifier output signal; that is, it func- 
cycle digital pulse required by the bus interface chips tj ons ^ a level-shifter to deliver a full amplitude signal 
24. to the output buffer stage 45. The post-amplifier 44 also 

Any number of clock signals may be "skew- 45 ensures the duty cycle of the signal is correct and in 
regulated" by the repeater chip 20 by including addi- phase with the input signal PHO on line 25 (or PH90 on 
tional delay regulation circuitry, as further described fat 35). 

below. In genera], the clock signals may have phases The output buffer stage 45 comprises a predriver 
different than the system clock signal. For example, an section 46 including AND and NAND gate circuitry, 
embodiment of the present invention may support two so and an output driver section 48 including a plurality of 
clock channels. The second channel supports delay tri-state drivers. The output buffer section 45 is divided 
regulation and distribution of a second clock signal into two segments to accomodate the simple mode 26 
having the same frequency as the system clock signal, and the PVTL mode 28 paths. For purposes of clarity, 
but locked in phase quadrature. only the simple mode segment is shown. Functionally, 

FIG. 2 is a block diagram of a clock repeater chip 20 55 the predrivers 46 are enabled by the SIMPLEMODE 
including a delay regulator circuit The system clock signal on line 37 generated by the mode control logic 
signal, PHO on line 25, and the second clock signal, unit 30. The predrivers 37, in turn, generate multiple 
PH90 on line 35, are received at an input "buffer" stage copies of the processed input signal, while the output 
40, where they are processed, i.e., shaped and amplified. drivers 48 distribute these signals to circuitry on the 
The processed clock signals may then be driven di- 60 module. 

rectly, i.e., "simple mode path" via line 26, to an output Referring again to FIG. 2, the PVTL mode path 28 
buffer stage 45 where they are regenerated into multiple enables measurement and delay compensation for the 
copies for distribution to circuitry 24 on the module. As processed input signal. An absolute delay regulator 
an alternative, the processed clock signals may be circuit operates in a cyclical fashion by periodically 
driven through a clock delay path 60 (FIG. 2) via a 65 measuring the intrinsic delay of a clock path, including 
••process, voltage, temperature and loading (PVTL) the PVTL clock delay path 60, on the chip 20. After a 
mode path" 28 that is used to delay the signals prior to measurement, one of two delay adjusting units within 
delivery to the output buffer stage 45. the clock delay path 60 is updated, while the other delay 
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unit determines the actual delay of the chip 20 from a propagates through the replica loop 50 and into a 
previous measurement cycle. Specifically, the regulator tapped measurement delay line 65 where an "absolute" 
updates a delay unit by adding a controlled amount of measurement of the chip intrinsic propagation delay is 
delay to the processed clock signal propagating through performed. The tapped delay line 65 preferably com- 
a delay line so that the output clock signal maintains a 5 prises a string of inverters. To maintain correct polarity 
fixed-phase relationship with the input signal. from the delay line, the taps are placed at the outputs of 

The PVTL clock delay path 60 on the repeater chip inverter-pairs. The delay resolution of the system is thus 
20 includes the logic circuitry required to measure and an inverter pair, which is a unit of measurement granu- 
compensate for the mtrinic delay of the chip. A "replica larity. 

loop" circuit 50 simulates the logic and associated prop- 10 The results of the measurement are then loaded into a 
agation delay of the clock path, as described further measurement latch 66 where they are decoded by an 
herein. An external loading network 55, coupled be- internal decoder circuit. In a preferred embodiment of 
tween LOOPIN on line 33 and LOOPOUT on line 27, the invention, the decoder circuit (not shown) employs 
simulates the loading of printed circuit board etch a conventional Johnson counter-style decoder configu- 
traces connected to the outputs of chip 20, leading to 15 ration. The decoded signals may thereafter be loaded 
external loads. A pulse generator 90 supplies a precise into control registers 68a, 686, generally designated 68, 
measurement pulse needed to operate the clock delay of the A and B delay adjusting units 64. In addition to 
path 60 and replica loop 50, while a clock path control the control registers, each delay unit 64 includes a clock 
logic unit 80 provides the necessary timing signals to delay line and a tap select multiplexer. The clock delay 
perform delay regulation on the chip 20. 20 lines 12a, 72*, generally designated 72, receive a pro- 

FIG. 5 is a block diagram of the clock path control cessed clock signal on line 28 from the input buffer stage 
logic unit 80, which preferably comprises registers and 40. The use of two delay adjusting units 64, i.e., "dou- 
combinational logic configured to produce a sequential ble-bufTering", allows the regulator to adjust the clock 
logic circuit, e.g., a "state machine" . In an embodiment signal in one of the units by adding the desired delay, 
of the clock path control logic 80, the state machine 25 while the other unit still compensates for the previous- 
comprises two cascaded, 5-bit Johnson counters 84a, ly-measured intrinic delay of chip. This technique con- 
84* coupled to a decoder and synchronizer unit 86. The tributes, in part, to a noninterrupted output clock signal, 
state machine, herein also referred to at 80, controls the The output of each delay control register 68 enables 
sequencing of operations during a PVTL delay reguia- respective A and B tap select multiplexers 74a, 74*, 
tion cycle by generating timing signals used in the oper- 30 generally designated 74, to select an appropriate tap 
ation of the PVTL clock delay path 60. Specifically, a from its associated clock delay line 72. As with the 
cycle of operation is as follows: measurement delay line 65 described previously, the A 

1. State 0: Clear measurement latch; and B delay lines 72 preferably comprise a string of 

2. State 1: Generate measurement pulse, freeze mea- inverters having taps at inverter-pair outputs. In a pre- 
surement result in measurement latch and toggle 35 ferred embodiment of the invention, the delay lines 65 
clock delay control register selection via AB_SE- and 72 employ two hundred and eighty-eight inverters 
LECT to select B delay control register (and clock or one hundred and forty-four inverter-pairs 70 with 
B delay line) for delaying clock signal; one hundred and forty-four taps 67 and 75a, 756, respec- 

3. State 2: Write measurement word (stored in mea- lively. A selected tap inserts a desired amount of delay 
surement latch) after decoding into A delay control 40 to the processed input clock signal. 

register. The tap on clock A delay line is set to Each tap multiplexer 74 has an input for every tap in 
reflect the recent measurement. Clock B delay line the delay line 72 and one output The multiplexer 74 is 
(one for each clock phase) still controls clock de- preferably implemented as an array of gates in a gener- 
l a y. ally conventional "OR tree" configuration. The multi- 

4. State 3: Clear measurement latch; 45 plexer 74 selects one of the one hundred and forty-four 

5. State 4: Generate measurement pulse, freeze result taps 75 from the clock delay line 72, which, in turn, 
in measurement latch and toggle clock delay con- inserts the proper amount of delay to the processed 
trol register selection via AB SELECT to select A clock signal on line 28 driven into the clock delay lines, 
delay control register (and clock A delay line) for The resulting A and B clock signals, A— CLK on line 
delaying clock; 50 76a and B-CLK on line 76*, from the multiplexers 74 

6. State 5: Write measurement word (stored in mea- are thereafter coupled to a two-to-one clock delay mul- 
surement latch) after decoding into B delay control tiplexer 77 that is enabled by clock synchronization 
register. The tap on clock B delay line is set to logic 78. Here, one of the clock signals is selected and 
reflect the recent measurement. Clock A delay line forwarded via a delay-regulated clock path 29 to the 
(one for each clock phase) still controls clock de- 55 output buffer stage 45 for distribution to circuitry 24 on 
lay; the module. Thereafter, the roles of the A and B delay 

7. State 6: Spare— not used; adjusting units are switched. 

8. State 7: Spare— not used; It is thus clear that a complex signal path is required 

9. State 8 Clear test register and "self-clean" the con- to perform measurement and delay-regulation for a 
trol logic state machine; 60 clock signal distributed throughout the computer sys- 

10. State 9 Spare— not used; tern. Certain portions of the clock delay path may be 

1 1. Return to State 0. utilized only under extreme PVTL conditions. There- 
A block diagram of the PVTL clock delay path 60 of fore, the entire clock path circuitry should be function- 

the delay regulator is depicted in FIG. 6. The clock ally exercised to ensure proper operation of the delay 
delay path 60 is preferably one hundred and forty-four 65 regulator. 

bits wide and generally includes, a measurement circuit In accordance with the invention, a test register 61 
62 and a pair, i.e., A and B, of delay adjusting units 64a, allows for complete functional testing of the PVTL 
646, generally designated 64. A measurement signal clock delay path 60 of the delay regulator. The test 
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register 61, which is coupled to the measurement and testing of circuitry other than the repeater chip 20 on 
decode latch 66 in a "logical OR'* configuration with the module. The reset state machine mode is used to 
respect to the measurement delay line 65, provides a place the clock path logic state machine 80 in a known 
means by which test patterns may be inserted into the state, i.c, state 0 of the delay regulation cycle, 
repeater chip 20 during a test mode to fully exercise the 5 Referring also to FIGS. 6 and 7, the test register shift 
entire clock delay path of the delay regulator. FIG. 7 is mo de loads a selected pattern of logic "1" bits into the 
a block diagram of the test register 61 and measurement test register using the TC signal on line 88 to clock the 
latch 66. test register flip-flop devices 240 and advance the 
The test register 61 is a 145-bit register comprising a loaded bits throughout the register 61. The measure- 
series of D-type flip-flop devices TAOa-n (where 10 j^x test mode then initiates a "test" measurement 
n= 144) configured as a shift register. Specifically, the cyclc by loading the selected test pattern from the test 
D-input of the first device 240* is tied to a hardwired regi5ter 61 ^ ^ measurement latch 66. 
logical "1", e.g., V^ thereafter, the Q-outputs of the Operationally, the control logic state machine 80 is 
devices generally designated 240, are tied to the D- from clearin ^ ^ rcgistcr 61 ^ ^ 
mputsof adjacent devices 240 ma cascaded manner. 15 CLRTSR signa i on ^ „ a m test mode; it then clears 
The Q<>utput of the last device 240n ^ coupled to the ^ measurement latch 66 using the CLRMEAS signal 
mput of a tn-state driver 245 that is enabled by a signal ^ B1 - ^ Btn . Q . A 5 . ^ mi i of - „ 

trol logic unit 30, while a CLRTSR signal on line 87a blt of register 61 b set a corresponding bit in tfie 
from the clock path control logic 80 is tied to the clear measurement latch 66 is also set This Simulates the 
input of each device rcsults of a measurement cycle with the test register 

The Q-output of each device 240 of the test register stored in the measurement latch 66. 

61 is also coupled to a set input of a corresponding bit of 25 Oact the test pattern is loaded, the repeater chip 20 is 
the measurement latch 66. Here, the D-input of each bit P^ced into a measurement test mode. Since the mea- 
location, generally designated 260, of the latch 66 is surement line 65 is fully loaded with logic "0" bits, the 
connected to a corresponding top of the measurement contents of the test register 61 override the output of the 
delay line 65, while each NQ-output is coupled to the measurement delay line 65. In a preferred embodiment 
internal decoder circuit of the measurement latch 66. 30 of the invention, a minimum of one hundred PH 0 clock 
Each bit location 260 is clocked by the measurement cycles are needed to ensure that a measurement test 
pulse emanating from the measurement pulse generator cycle operation has selected the clock delay paths of the 
90. The clear input of each location 260 is coupled to a A and B delay adjusting units 64a and 646 at least once. 
CLRMEAS signal on line 81 from the clock path con- A clock output on line 22 of the chip 20 is then sampled; 
trol logic 80. 35 if a clock signal is present, then that column in the clock 

The timing signals used to activate the clock delay delay path is considered to be functional, 
path logic are based on the non-delayed system input Another test pattern corresponding to an incremental 
clock signal PH 0. FIGS. 3 and 5 depict the input sig- amount of delay is loaded into the test register 61 and 
nals and control logic used to generate the timing sig- the measurement test cycle is executed. This procedure 
rials. As noted, the MODE and LOOPIN signals on ^ is repeated until a test pattern corresponding to the 
lines 34 and 33 are used to place the repeater chip 20 in maximum delay provided by the delay line 65 is loaded, 
a test mode. Specifically, test mode is entered by plac- the measurement test cycle executed and the output 
ing non-asserted signals on both the MODE line 34 and signal on line 22 sampled to indicate a fully functional 
LOOPIN line 33 of the chip. This deactivates the mea- c hi p . At this point, all columns, i.e., bit-slices, of the 
surement delay line 65 by decoupling the replica loop 50 45 clock delay path have been individually exercised, 
from the clock path, thus forcing a sequence of logic j t & apparent that each possible combination of the 
"0" bits into the delay line 65. 144-bit register can be selected as a test pattern to fully 

Again as noted, the second phase clock signal PH 90 exercise each column, i.e., bit-slice, of the PVTL data 
channel is not used dunng testing; therefore, its differ- path , mc i u d mg all clock delay taps of the delay lines, 
ential input pins, 90_H and 90_L, are used to select M Moreover, the logic of each bit-slice of the data path 
four sub-testing modes. The various combinations of must ^ functional in order to produce a signal at the 
differential input pins used to enter the four modes are chi ou ^ ut pin& Therefore, a fault in the data path 
as shown bdow, with a "0" indicating a non-asserted lo ^ c fe m a nifested by ^ lack of „ output signal for a 
signal and a "1" indicating an asserted signal: particular test pattern. Once completed, test mode is 

TABLE 1 55 exited by asserting the LOOPIN signal. 

The foregoing description has been directed to a 
specific embodiment of this invention. It will be appar- 
ent, however, that variations and modifications may be 
made to the described embodiment, with the attainment 
60 of some or all of its advantages. Therefore, it is the 
object of the appended claims to cover all such varia- 
tions and modifications as come within the true spirit 
The tri-state mode effectively disables the output and scope of the invention, 
lines of the repeater chip 20 by placing its output drivers What is claimed is: 

48 of the output buffer stage 45 (FIG. 4) in high-imped- 65 1. Method for testing logic devices of a complex 
ance state; this is accomplished by deasserting SIM- signal path of a semiconductor chip, said logic devices 
PLEMODE on line 37 and PVTMODE on line 39 including at least a measurement latch circuit, said 
(FIG. 3). Tri-state mode is used during manufacture method comprising the steps of: 



TEST TRUTH TABLE 




MODE 


90_H 


90_L 


Tri-tuie 


0 


0 


Reset Stale Machine 


1 


0 


Measurement Test 


0 


1 


Test Register Shift 


1 


1 
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placing said chip in a test mode in response to first sub-test modes of operation, said sub-test modes of 

control signals and forcing a sequence of unas- operation including: 

serted bits into a measurement delay line circuit a reset mode for placing said signal path control 

having signal outputs connected to said measure- logic unit in a known state of said measurement 

ment latch circuit, and further placing said chip in S regulation cycle in response to said first timing 

a plurality of sub-test modes in response to second signal; 

control signals to enable complete functional test- a shift mode for loading a pattern of said predeter- 

ing of said logic devices of said complex signal mined logical signal states into said test register 

path; in response to said second timing signal; and 

shifting a selected pattern of asserted bits into a test 10 a measurement test mode for loading said pattern 

register, located on said chip, in response to a 0 f predetermined logical signal states from said 

clocking signal, said test register being connected test register into said logic circuits of said signal 

to said measurement latch circuit, said selected path in accordance with said measurement regu- 

pattern of asserted bits comprising a test pattern; [ation cycle, 

loading said test pattern from said test register into 15 wherein said pattern of predetermined logical signal 

said measurement latch circuit and thereafter into states propagates through said logic circuits and 

said logic devices of said complex signal path when said delay-regulated clock signal at the output of 

said chip is placed in a measurement test sub-mode chip is sampled to determine successful testing 

of said test mode, said test pattern overriding the of said logic circuits. 



signal outputs of said measurement delay line; 2Q- < 3 j^e apparatus of claim 1 wherein said test registerj 



generating riming signals with a control logic unit to t composes a plurality of cascaded flip-flop devices con- 
activate said logic devices of said signal path dur- y figured as a shift reg ister—— 

ing said measurement sub-mode; and 4 yjj e apparatus of claim 3 wherein said plurality of 

sampling an output clock signal of said chip to deter- cascaded flip-flop devices are arranged such that the 

mine whether said clock signal is present at the 25 D . mput 0 f a first of said cascaded devices is connected 

output line of said chip, whereby the presence of to said md ^ Q.o Ut p U ts of each of said cas- 

said output clock signal indicates that said logic deviccs m connected to the D-inputs of each 

devices of said complex signal path exercised by of ^ cascaded devices, 

said test pattern are functional. 5 The apparatus of claim 4 wherein each of said 

2. Apparatus for testing logic circuits in a complex 30 ^ of ^ cascadcd ^^p dcviccs h ^ 

signal path in a semiconductor chip, said logic circuits nectedtoasct mputof acorresr^nding one of said latch 

including a measurement latch and decoder circuit con- devices 

nected to a plurality of delay adjusting uiuu coiifigured ^ ^ of daim 5 whcrdn ^ ^ control 

to produce a delay-regulated clock signal at the : output a LOOPIN signal, 

of said chip, the sequencing of operations of said ogic 35 * second con- 

circuits being initiated by a signal path con rol logic J a PH 90_H signal and a PH90_L 

unit in accordance with a measurement regulation cy- -™V 5 

cle, said apparatus ^prising: apparatus of claim 7 wherein said first tuning 

a test register located on said chip said tat: register »* PP control logic unit is a 

TSSS S^lsign^ 

plur ality of outputs connected to corresponding said signal path control logic unit. 

o^esofa plurality ^ inputs of latch deviceTof said * The apparatus of claim 8 wherein said second tim- 

me^uremcnt latch anddecoder circuit, said latch ing signal 1 generated by ^said mode control logic umt is a 
devices further having a pluralit y of outputs con - 45 TC signal used to clock said plurality of cascaded flip- 

nected to corres ponding inputs 0/ a decoder circwt flop devices of said test register 

S^urelent IrtM decode? circuit; and 10. The apparatus of claim 2 wherein said signal path 

a mode control logic unit for placing said semicon- control logic unit comprises two cascaded Johnson 

ductor chip in a test mode of operation in response counters coupled to a decoder and synchronizer unit. 



to first control signals, said mode control logic unit 50 11. The apparats of claim 10 wherein said preo>ter- 
further generating first and second timing signals in mined logical signal sate is a hardwired logical 1 
response to a plurality of second control signals signal. 



that place said semiconductor chip in a plurality of 

55 
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